Field of the invention , 
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UVttl iiicluiiuu cuiiiplexBi uf a lllgli polenljjjpkJid 
peptide, Tyrosyl-D-alanyl-gJycyl-N-methylphenylalanyl-gWjyWSopropylam 
with cyclodextrin derivative. More particularly, the inyentionrelates to Tyrosyl-D- 
alanyl-glycyl-N-methylphenyIalanyl-gIycyl-is^pr6pylamide with cyclodextrin 
derivatives such as beta-cyclod^jctti^ hydroxypropyl-beta cyclodextrin, 
hydroxyethyl-beta-cyclodexfrij^^ethyi-beta cyclodextrin. The invention also 
relates to a process^p'tfie preparation of pharmaceutical compositions containing 
the jnclusion^pofnplexes of opiod peptide and the use thereof in the treatment of 
alleviajiflg pain and acute inflammation, which can be used as a substitute for 



Background of the invention 




' exists a oonatant need fo r p r epaiiug uovcl miiUally acliug "i igaim, wlUch.^m- 
'be utilized as substitute for the narcotic analgesiscs, currently bemg-oSeJhaving 
improved biopharmaccutical properties such as low tpxh^ty^ lesser tolerance, 
longer duration of action and least abuse potMim The development of the 
peptide :as drug is restricted due tojts-iJoor oral efficacy. In view of this, it is 
essential to develop oraUy^^^tive formulations. Ttere has been tremendous 
emphasis ontjje-dgvelopment of innovative strategies for the oral delivery of 
peptid^^^sed drugs, with increased water solubility, dissolution, bioavailability 
■ <md improved orol QfTiac^ c, 
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Prior Art 

Soon after the discovery of enkephalin by Huges et. Al [Huges et. Al, Nature 258, 
577 (1975)]. an endogenousiy occurring penlapeptide with morphinomimetic 
activity, structure activity relationship studies were undertaken world-wide with 
the objective of getting a synthetic congener that would be clinically acceptable 
pain killer as substitute to morphine. Since the analgesia evoked by enkephalins 
was only weak and transient following their administration by intra-cerebral 
route, greater emphasis was laid on the structural modification of the penta 
peptide which would lead to the peptlde(s) capable of eliciting profound analgesis 
even after their systemic administration. 

Jl^^twtrBere HkBplialiii aiialoguc o that ha d-un dergoue fairly oxt i aisivcly clinic^ 
sMes so far. are the Sandoz compound FK -33-824 [Tyr-D-Ala-Gl>^^i^et(o)-01 
and the Lilly compound met-keohamid gyr-D-AIa-Gly-Phe-Me^4eWJH2. [Von 
Graffenreid, B., del Pozo, E., Roubicek, L, Krebs, E., Poldi^J^ W., Burmeister, 
P. and Kerp, L., Nature, 272, 729 (1978) and FredericJsA R.C.A-, Smithwick, E. 
L., Shuman, R- and Bemis, K.G., Science, 21 1^^0^ (1981) Frederickson, R.C.A.. 
In 'Opioid Peptides: Molecular Phmjidcology, Bio synthesis and analysis" 
Rapaka, R.S. and Hawks, R ye^NIDA Research Monograph, 70 367. 
(1986) FK-33'824 gave only^sfi^t preference for ^-receptors and met-kephamid 
was found essentially ndn^elective for n and 5 receptors. A strong analgesic 
effect was exerted^y both the compounds by systemic route of administration. 
However, d^^o a number of serious side effects produced by FK -33-824 
therefore/U was no longer pursued for further developments as candidate analgesic 
drug/Relatively fewer side effects were observed with met-kephamid, but due to 
<«yiiypotensive ctteci ihiy coiiipouao was also tinaiiy aoandoned^ 
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O ..ife Science, ». S„pp^ 769 0983)1 Ty,.Arg.Oly-Ph.(,.N()^Pro-NH, 
,Bw:44,C) «/.. ■ < ""y^''' ' 

,,„.„.„„,,„, „. „. w '""X 

.orphln. bu, due ,0 number of side effecB these coyd^ds »,e« also dropped after 
i„i,ia, din,ca. mats, StaiUrl,. stmcture aaivhy rdauons)^ studies were undertaken m ou, 
laborato^ and an enkephalin analog Tyr-D.Ala-Gl^ePhe.01,.NHC,H, lRaghub,r, R.. 
Patnaik. O K.. Shanna, S O . Mathur, K B. and Dh^n B.N.. In recent progress in chemtstn. 
and hiolog, of centrally acttng peptides. Dhaw/B.N. «.d Rapaka R.S. eds., t67 (19S8) and 
tadian Paten, no. 173568 19.10.1989) synfl.4ised earlier in our laborato,, and found <o be 
more potent that, tnorpWne following /entic admimstration. This is a htghl, ^-receptor 
selective in central and peripheral /say and produces highly profound and long lasa,^ 
analgesia. (C. Na^. C.K. P^^k/ H^. K.B. M<.*,r. HC Snr,a,. B.N. DHa^ ^F. 
Porr^ca Phannacologic^ Res^. 31. 2«.273. mS) The cotnpound and ,ts process for 
,be synthesis waa firs. disdZ in Indian ^ Indian Paten, no. 17356S 19 10.1989,. 
Subsequently chronic and s/bacu« toxicity studies on this compound were carried out and « 
„ow disclosed that th/compound is safe and did not p„duoe any noticeable to»c s,de 
effects Thiscompoun/wasalsosmdiedforU,«raddic«ionliabili.iesand»leranceandfound 

to elicit significntl/eduoed tolerance and addiction propenies as contpared to mo^n. 
The compound isZrtu^ly devoid of any mapr CNS effcc like sedatton and resp^o^ 
depression; it isL virtually devoid of ar,, significant cardiovascular effects. Wore. *,s 
compound J. po.ent.al as c^traUy acdve analgesic agent, which can e used as 
subLe tlarcotic analgesics (Morphine and rela.ed .bsunces). However. *„s compou.^ 
upon oralZdminis^tion produced poor response and e«reme,y high dose .s re,u,red » 
„ ta.n sZilar magmtude of .espouse as observed after parenteral adminis,ra«on owrng » 
Imttton and poor absorption. The oral e«ca.y of the therapeuuc agents ,s cons,der. 
,0 Jhtghly desi^ble, therefor. insp,te of a p^found analgesia and favourable 
phlacological effect and .mos. devoid of toxic effect, the de^opmen, of .e pepude as 
2 is restricted due to its poor oral eff.cacy. In view of this , it is essenual to de^lop or.ly 
/active formnbTions.^ 
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■haj; btttiii utuiuidous 



■erophasi^ ^oiv t h €~ <ievet opme nt-qf innovaiive^ 
^rategies for the oral delivery of peptide based drugs, (A Fasano^JJ^) 
TIBTECH.. 16, 152-157) with increased water solubili^^x^ssolution, 
bioavailability and improved oral efficacy (Z. Shao, l99^K^yclodexirins are 
reported in the literature that they increase wat^ solubility, dissolution, 
bioavailability and stability of compound by^ing inclusion complexes. [R. 
Krishnamoorthy and A. K. Mitra, Phar^es.. 9: 1157-1163 (1992)]. Recently 
it was reported in the literature that^p-cyclodextrin inclusion complex increase 
the half life of Leu-enkephajifi from 45 .min to 75 min in case of enzyme 
hydrolysis with leucine ajrimo peptidase (W. J. Erwin., A. K. Dwivedi, P.A. 
Holbrook, and M. J. Phanna Res., U, 1994, 1698-1703) . Therefore, the 
preparation of injZion complex of peptides and other substances with 
cyclodextrin ^/reported in the literature . The advantage of binding substances 
into inclusio/complexes with cyclodextrin is also known in other substances. US 
Patent Na4603 123, 5840714 and 5855916 disclosed the increased therapeutic 
effic^ and reduced toxic effects of piroxicam, ibuproxam and acid base type 



Objects of the invention 

The main object of the present invention is to provide novel L-Tyrosyl-D-alanyl- 
glycyl-N-methylphenylalanyl-glycyl-isopropylamide: cyclodextrin complexes 
having significantly improved oral efficacy and prolonged duration of action. 

Another object is to provide novel inclusion complexes that can be utilised as 
substitute for narcotic analgesics, said complexes having improved 
biopharmaceutical properties such as low toxicity, lesser tolerance, longer 
duration of action and least abuse potential. 
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still another object is to provide novel L-Tyrosyl-D-alanyl-glycyl-N- 
.nethylphenylalanyl-glycyl-isopropylamide complexes with increased water 
solubility, dissolution , bioavailability and improved oral/transdermal efficacy. 

Yel another object is to provide pharmaceutical compositions containing said 
novel inclusion complexes having improved analgesic activity with longer 
duration of activity and improved efficacy. 

Still another object is to provide methods for the treatment of acute inflammatory 
conditions employing the said inclusion complexes. 

Summary of the invention 

The above and other objects are realized by the present invention that provides 
novel inclusion complexes having improved analgesic property and longer 
duration of activity. The invention also provides pharmaceutic«a compositions 
containing said inclusion complexes and methods of treatment employing such 
inclusion cotnplexes. 



Accordingly, the invention provides novel inclusion complexes having 
significantly improved oral efficacy and prolonged duration of action selected 
from the group consisting of highly potent opioid peptide of L-Tyrosyl-D-alanyl- 
glycyl-N-methylphenylalanyl-glycyl-isopropylamide with a cyclodextrin 
derivative wherein said derivative is selected from the group consisting of beta 
cyclodextrin, hydroxypropyl-beta cyclodextrin, dimethyl-beta cyclodextrin and 
hydroxyethyl-beta-cyclodextrin 

In an embodiment, the invention provides cyclodextrin derivative selected from 
beta cyclodextrin, hydroxypropyl-beta cyclodextrin, dimethyl-beta cyclodextrin, 
hydroxyethyl-beta-cyclodextrin. 
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m yet another embodiment, the inclusion complex comprises L-Tyrosyl-D-alanyl- 
glycyl-N-methylphcnylalanyl-glycyl-isopropylamidewithbeta,.cyclodextrin. 

^ycyl^^ hydroxyehtyl beta- 

,yLlodcxtr - inj ' 

In yet another embodiment, the inclusion complex comprises L-Tyrosyl-D-alanyl- 
glycyl-N-methylphenylalanyl-glycyl-i3opropylamide with hydroxypropyl beta- 

cyclodextrin. 

In another embodiment, the inclusion complex . comprises L-Tyrosyl-D-alanyl- 
glycyl-N-methylphenylalanyl-glycyl-isopropylamide with dimethyl beta,- 

cyclodextrin. 

In still another embodiment, the molar ratio between L-Tyrosyl-D-alanyl-glycy- 
N-methylphenylalanyUglycyl-isopropylamide and said cyclodextrin derivative is 

1:5 to 2:1. 

In yet another embodiment, the invention provides pharmaceutical compositions 
comprising a therapeutically effective amount of inclusion complex of L- 
Tyrosyl-D-alanyl-glycy-N-methylphenylalanyl-glycyl-isopropylamide with beta- 

cyclodextrin having improved analgesic activity with longer duration of action as 

compared with the free peptide. 

In yet another embodiment, the pharmaceutical composition has potential for 
clinical application as an analgesic. 

In still another embodiment, the pharmaceutical composition is formulated in 
various physical forms such as tablets, injections, capsules. 
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The invention also provides methods for the treatment of acute inflammations and 
for alleviating pain comprising the step of administration of pharmaceutical 
composition containing the inclusion complex to a patient in need thereof 

In an embodiment, the inclusion complex is administered orally or transdermally 
or rectal route. 

In yet another embodiment, the pharmaceutical composition exhibits significant 
analgesic activity with reduced dependence liability, respiratory depression, 
gastric irritation and sedation. 

In another embodiment, the method for the treatment of acute inflammations and 
for alleviating pain, comprises oral administration of inclusion complex of L- 

Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide with beta- 
cyclodextrin. 

In another embodiment, the method for the treatment of acute inflammations and 
for alleviating pain, comprises topical application of inclusion complex of L- 

Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide with beta 
cyclodextrin. 

The L-Tyrosyl-D'alanyl-giycyl-N-methylphenylalanyl-glycyl-isopropylamide: 
cyclodextrin (L2) complex of the invention is used for the oral delivery of the 
peptide as these complexes provide more protection to the peptide against the 
gas tri c envi ronment. The L-Tyrosy 1-D-alany Uglycy 1-N-methy Ipheny lalany 1- 
glycyl-isopropylamide: cyclodextrin (1:1) complex is used for the transdermal 
delivery of the peptide as these complexes facilitate the transdermal permeation of 
the peptide. 
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TIXUNICAL. SOLUTION 

The invention is ilhislraied by the Ibllowing Examples which io no way represent a 

limitation thereof 

EXAMPLE 1 

Preparation of L-Tyrosyl-D-alanyl-glycyl-N-methylphcnylalanyl-glycyl-isopropylamide 
[Figure l]: 

The penta-peptide was synthesised by solution phase method of peptide synthesis 
employing three plus two fragment condensation method or by step up chain elongation 
procedure. This compound was also prepared on solid support employing commercially 
available supports using either BOC or FMOC chemistry. The coupling reaaions were 
performed by commonly available reagents adopting reported procedures. The out line of the 
process for the preparation of the penta-peptide has been disclosed in Indian Paiem No. 
173568 19.10.1989. 

FIG. 2 shows Mass spectrum of L-Tyrosyl-D-alanyl-glycyl-N-methylphcnylalanyl-glycyl- 
isopropylamide. 

FIGS. 3 shovvl^ spectrum of L-Tyrosyl-D,-alanyl-glycyl-N-methylphenylalanyi-glycyl- 

isopropylamide, 

FIG. 4 shows DSC (differential scanning calorimetiy) thermogram of L-Tyrosyl-D-alanyl- 
glycy!-N-methylphenylaianyl-glycyl-isopropylamide. 

EXAMPLE! 

Preparation of inclusion complex of L-Tyrosyl-D-alanyUglycyl-N-methylphenylalanyl- 
glycyl-isopropylamide with beta-cyclodextrin 
a) Procedure in aqueous medium 

Beta-cyclodextrin (1.135 g. 1.0 m mole) in water (25 ml) was heated to boiling 
temperature. L-Tyrosyl-D-alanyl-glycyl-N-methylphenyl-alanyl-glycyl-isopropylamide 
(0.568 g, 1.0 m mole) was added into this solution, vigorously stirred for 15 minutes and the 
mixture" was cooled during stirring to a temperature between 0 degree and 5 degree 
centigrade. The obtained complex was dried in vacuum at the temperature of about 40 degree 
C Inclusion complex (1.62 g. 95.1o/o) of L-TyrosyUD-alanyl-glycyl-N-methylphenylalanyl- 
glycyl-isopropylamide with beta-cyclodextrin was obtained in the form of a white powder in 
the molar ratio of 1:1. 
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^ — an paactioH — yttri^p^-fc^Tyrosyl'L^-aiaayi-giycyt-N- ^ 

i^T^opropylamide coiuem iiilbe-ecmplex (ddeiiuTnS^heoreiically and cxperimentally- 
^qY;;;=f^:;:^3I^I^^^^ waVi!lt!Ht!llU)r27!j limVaiC iiUllimaiiMid in Table, u 

l ig 5 shows Diftereniial scanning calorimelry (DSC ihermogram) in the curve of the 
obtained product. There was not detected any cndothermic transition for a melting point, 
characteristic of a physical mixture of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl- 
glycyl-isopropylamide. 

Fig. 6 shows NMR spectrum of the complex of L-Tyrosyl-D-alanyl-glycyl-N- 
mcthylphenylalanyl-glycyl-isopropylamide with beta-cyclodextrin. 

FIG. 7 shows Mass spectrum of the complex of L-Tyrosyl-D-alanyl-glycyl-N- 
methylphenylalanyl-glycyl-isopropylamide with beta-cyclodexirin. 
b) Procedure in a solvent mixture (methanol/water in the ratio 5:20) 

Beta.-cyclodextrin (1.135 g; 1.0 m mole) was dissolved in water (25 ml) at a temperature of 
about 70 degree C. During stirring a solution of L-TyrosyUD-alanyl-glycyl-N- 
methylphenylalanyl-glycyl-isopropylamide (0.568 g; 1.0 m mole) in methanol (5 ml) was 
added. It was stirred for another 5 minutes, the solvents were evaporated and the obtained 
complex was dried in vacuum at a temperature about 40 degree C. Inclusion complex (1.59 g, 
93 .4%) of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyUisopropylamide with 
beta-cyclodextrin was obtained in the form of a white powder in the molar ratio of 1 : 1 . 
Differential scanning calorimetry, mass and NMR spectrum showed the same results as in the 
process for preparing the inclusion complex in an aqueous medium. 

EXAMPLES 

Preparation of inclusion complex of L-Tyrosyl-D-aIanyl-glycyl-N-methyipheny!alanyl- 
glycyl-isopropyiamide with beta-cyclodextrin 
a) Procedure in aqueous medium 

Beta -cyclodextrin (1 .135 g; 1.0 m mole) in water (25 ml) was heated to boiling temperature, 
into the boiling solution of L-Tyrosyl-D-aianyl-glycyl-N-methylphenyl-alanyl-glycyl- 
isopropylamide (0.284 g; 0.5 m mole) was added, vigorously stirred for 15 minutes and the 
mixture was cooled during stirring to a temperature between 0 degree and 5 degree C. The 
obtained complex was dried in vacuum at the temperature of about 40 degree C. Inclusion 
complex (1.33 g; 93.7%) of L-Tyrosyl-D-alanyl-glycyl-N-methylphenyl-alanyl-glycyl- 
isopropylamide with beia.-cyclodextrin was obtained in the form of a white powder in the 
molar ratio of 1:2. 



Oala on reaction yields. L-Tyrosyl-D-alanyl-glycyl-N-methylphenyKalanyl-glycyU 
isopmpylamide conlcni in the complex (determined ihcorciically and expcrimentally- 
spcclrophotometric determination at the wavelength of 275 nm) are summarised in Table I 
Fig. 8 shows Differential scanning calorimeiry (DSC thermogram) in the curve of the 
obtained product there was not delected any endothermic transition for a melting point, 
characteristic of a physical mixture of L-Tyrosyl-D-alanyl-glycyl-N-meihylphenylalanyl- 
glycyl-isopropylamide/beta-cyclodextrin. 

Fig. 9 shows NMR spectrum of the complex of L-Tyrosyl-D-alanyl-glycyl-N- 
methylphenylalanyl-glycyl-isopropylamide with beia-cyclodextrin. 
b) Procedure in a solvent mixture (methanol/water in the ratio 5:20) 

Beta.'cyclodextrin (1.135 g; 1.0 m mole) was dissolved in water (25 ml) at a temperature of 
about 70 degree C. L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyUisopropylamide 
(0.284 g; 0.5 m mole) in methanol (5 ml) was added and stirred for another 5 minutes. The 
solvents were evaporated and the complex obtained was dried in vacuum at a temperature 
about 40 degree C. Inclusion complex (1.36 g; 95.8%) of L-Tyrosyl-D-alanyl-glycyl-N- 
methylphenylalanyl-glycyMsopropylamide with .beta. -cycled extrin was obtained in the form 
of a white powder in the molar ratio of 1:2. 

Differential scanning calorimetry and NMR spectrum showed the same results as in the 
process for preparing the inclusion complex in an aqueous medium. 

EXAMPLE 4 

Preparation of inclusion complex of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl- 
glycyl-isopropylamide with hydroxypropyl-.beta.-cyclodexirin 
a) Procedure in methanolic medium 

L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide (0.568 g; l.O m 
mole) was added to a solution of hydroxypropyl-beta-cyclodextrin (1.38 g; 1.0 m mole) in 
methanol (25 ml) and the obtained solution was stirred for another 5 minutes at room 
temperature. Methanol was then evaporated and the obtained complex was dried in vacuum at 
the temperature of 40 degree C. Inclusion complex (l-82g; 93.4%) of I^Tyrosyl-D-alanyl- 
glycyl-N-methylphenylalanyl-glycyl-isopropylamide with hydroxypropyl-beta-cyclodextrin 
was obtained in the form of a white powder in the molar ratio of 1 : 1 . 
JgW-errreaeHefryie Ws^ L- 1 yrosyl-D-alAflyl-glycyl-N-iiteiUy Iph u iyla^^ — 
"^jjypr^pyi;^^ ill thn"5mTpic^^ flTgi:n ^ea ti V -an d cxperimontallv — ^ 



10 




^iiuiniiiaiisoit' in Table I .-* 
Fi, 10 ,l,ows difrercn.ial scanning calorim«n- (DSC .he™og-»n,) 

. ,. *o>« NMR specmm of .he complex of L.Ty,osyl-D.al3nyl.glyc,..N- 
„ethylpl.e.>ylala"yl-Sly'y'-i=oP'°PVla-idewi,hh,droxyp-opyUbe.a.cyelode«™ 

b) Procedure in aqueous medium 

Hydroxypropyl-beta-cyclodexuin (U8 g; . ,0 m mole) was dissolved in water (40 ml) and 
,he obtained solution was heated to the temperature of TO degree C and L-Tyrosyl-D-alanyl- 
g,ycyl-N-m.thy.phen,lal.nyl-glycyl-isopropylan.ide(0,568 g; . 0 n, ntol.) was added. It was 
vigorously stitred for another U mtnutes and thenthe solution was altered. The filtrate was 
frozen in li,uid nitrogen and lyophUised. Inclusion complex (1 8.g, 92^ %) of L-Tyrosyl-D- 
alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamidewithhydroxypropyl-beta- 

cyclodextrin was obtained in the form of a wWte powder in the molar ratio of 1 : 1 . 
Differential scanning calodm«ty and NMR spectnitn showed the satne results as m the 
process for preparing inclusion complex in the methanolic medium. 

EXAMPLES 

Preparauon of inclusion complex of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylal^^^ 
glycyl-isopropylamide with hydroxyethyl-beta-cyclodextrin 
a) Procedure in methanolic medium 

L.Tyrosyl-D.alanyl.glycyl-N-methylphenylalany|.glycyl-isopropylamide (0.568 g; 1.0 
„mole) was added to a solution of h,dro^e.hyKbet..cydode«rin (1.44 e 1 .0 cntole) » 
methanol (10 ml) and «.e obtain«i solution was stined for another 5 minutes at room 
temperature. Methanol was then evaporated and the obtained ..mplex was dried m vacuo a. 
,,cLperatureof40de^eeC.Inclusioncomplex(..87g;93.,%)ofI.T,ros,l-« 

g,ycyl-N-methylphenyl.lanyl^yeyl-iW-'i-«'>^V-'°'=^'''''-*'^-"^^^^ 
was obtained in the form of a white powder in the molar rauo of 1;1. 
Difreremial scanning calonmetry and NMR spectnrm showed the formation of inclus,on 

complex. 

b) Procedure in aqueous medium ■ ^^ ^^ ^ 

...cyUN-methylphen,!^^ 



12 



U 




D-aUuyl-sjlycyUN-mc.hylphenylalany»-glycyl-isoprop^^ 

CYclodexirin was obiainedujj 

calorimeiry and NMR spectrum showed the formation of inclusion 



Ifoxyethyl-.bcia. 
fepowder in the molar ratio of I : I . 



DifterenliJi 



innjng < 



TABLE I 

Reaction yield. L-TyrosyUD-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide 
content In the complex for mdusicn complex of L-Tyrosyl-D-alanyl-glycyl-N- 
.ethylphenylalanyl-glycyl-isopro^yla^^ 

Reaction 1 % Content of L-Tyrosyl-D-alanyl- 
yield (%) glycyl-N-methylphenylalanyl-glycyl- 
isopropylamide in the complex 



Inclusion complex 



Beia-cyclodextrin (1.1) 
Beta-cyclodextrin (1:2) 
hydroxypropyl-beta-cyclodextrin 

(1^1) 

hydroxyethyl-beta-cyclodfextrin 

(1:1) 



EXAMPLES 

30 d.ys toxicity «udy of I.Tyr.s,l-D-.l.«,l-8lycyl-N-™«'.ylp'.e«ylata"y'-«'y"- 
isopropylamide in r.t..dri.««>moakqrb,subcut..«.<« route. 

Compound L.T,™syl-D-d»yl-glycyl-N-'"«*y'P''"»'»'^^^^^ 
dissolved in saline w« given daily by ^o.U^ » gmups Pf r>.s (n-10 nales and 
,0 fenu.es in each p»up) and rhesus monkeys males and Z females m each ^P) once 
daily for .0 consecu..ve days. The dose levels ^ in rais we. O A 7.5, 13.0 and 30. mg^g 
,„d in monKeys 0.0, 3.75, 7,5 and 1 5 mg/Wg. Dose levels we« sdeCed on the bas,s of ra, ED 
of 3 0 mgrtcg and e«rapolation thereof in the monkey. 

A careful genenl inspection of tt.e animals was done a. leas, once each day Cage- 
s,de obs.n-a.ions included changes in skin and fi.r, eyes and mucous memb«nes, general 
activi.y and behavior and also g«..ral signs of abnormal fUnaioning of resp,r«ory, 
cuculatory. autonomic and cemral ncwous sys.«n and somau>motor 3cuv,,y. 
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Body weights (weekly in rats, imiial and day 30 in monkeys), daily food (ral and 
monkeys) and water (rat only) consumption and parameters of hemaiology. uiinalysis and 
blood biochemisiry oftlie animals was recorded All ihe animals were sacrinced at the end of 
7,0 days. Necropsy was performed and hisiophathological examination of all the important 
organs and tissues were done. 

Urinalysis included the recording of colour, specific gravity reaction (pH) and testing 
for sugar, acetone, urobillinogen, bilirubin, and albumin and occult blood. Microscopic 
examination of uiitwry sediment was done for the presence of epithelial cells, WBCs, RBCs, 
casts, crystals and other abnormal constituents. 

The hematological examinations included hemoglobin, T-RBC count mean 
corpuscular hemoglobin concentration, mean corpuscular volume, total leukocyte count, 
packed-cells volume mean corpuscular volume, platelet counts, differential leukocyte counts, 
erythrocyte sedimentation rate (monkeys only) and prothrombin time test (monkeys only). 

^^ t^cmica Lea gMt iuiit. in bluud Juiit At Jay 30 iu lAL^ai nl (lay 0 d iid^ Ohijuonlscyaf 
included glucose, creatinine^ui^anitrogen;-^^ 

^pt^gphatM e (ALr), blluu b lil, cholfertWl, total sunim proteinc^ albumin and ol o buHix 



J bytng -n c c ropa y examination of the fxf fm iil f n irfarf* o f d m body, all uiiHwa^ 
cranial Swracic and abdominal cavities and their coniwitsw^EfiifofmerXtho^ naked 
eye examination of size, shape, suijce,,solo«rt5nw^^ of all the important organs and 
tissues was done. LiverJodngyCaS-enals, brain heart lungs, spleen and gonads were 
h Ui e ir re lative weight s wpre al i n calcu latedr-* 
All the above mentioned organs, and representative pieces from skin trachea, thyroid, 
different parts of the GIT pancreas, urinary bladder, mammary glands and whole eyes were 
preserved in 10% buffered formalin till they were processed for paraffin embedding and 
sectioning. 

Representative places fi-om all the preserved organs and tissues were processed for 
paraffin embedding. Four to six micrometer thick sections are cut and stained by 
haematoxylin and eosin according to standard methods for microscopic examination. 

h cuniiiiucd toTernanractrvg-a nd hiali l iy^^ >§he«The^ 
experimliiiiion. Animals of both drug treated and controrgrgups-Sl^^ (rats) or 

irregular (monkeys) trends of gain in bodpj^eigtrfh^Sm^o^ investigations showed 
some minor incidentalvarja^^ no indication of dnjg induced damages in the 

.arioufrwh idly^i^^ ^^l" * ^- " ^^'"t^ ^ y (itmluding 
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^^j^7377r:::?r.nvy-^i nftaiaei ornan ttuuetfg 
Compound L-Tyrosyl-D-alanyUglycyl-N-nicihylphenylaUnyl-glycyl-isopropylamide was 

thus round safe in rais and rhesus moakcys in the 30-day toxicity siudy by subcutaneous 

route al ihe dose levels mentioned above. 



EXAMPLE 7 

Alleviation of pain: 

Analgesia was measured by tail flick latencies (t.f 1.) assay in rats. (D' Amour. F. E and 
Smith., D. L., J Pharmacol. Exp. Ther. 72,74-79. 1941) The test required determination of 
tail flick latencies to heat stimulus. The basal tail flick latencies were determined twice at 1 0 
min interval and averaged to obtain single pre drug latency. An increase in the latency by 
100% or more was indicative of analgesic state of animal. A cut-off time of 10 seconds was 

used to avoid damage to the tail skin. 

eempotmdr w e r ( >^ni rt e re< K Mbc Dmii i uui . ly ui pctJroO i nj 

groupKf^-lO rats each. TTien tail flick latency was detenim^^ till it was 

near the pre drug level. Percent of animalserfu^ili«r^ determined at each dose 
level of various compoundsand^h^^D;?^^ with 95% fiducial limits was calculated 
[Table 2] by prohibit^fi^^ 1971), The duration of analgesic effect was 

^^^t^^^^a^^feetJEh ^g esi a l as ted for S=6Jiotf«^fteF ^ a dm im atr a U on;,. 

TABLE 2 



Compound/Formulaiion 

L-TyrosyUD-alanyl-glycyl- 
N-methylphenylalanyl- 
plvcvl-isopropylamide _ 


ED5o(n 

S.C. route 
2.58 


ig/Kg) 

P. O. route 
22.30 


L-Tyrosyl-D-alanyl-glycyl- 
N-methylphenylalanyl- 
glycyl-isopropylamide : 
hr^ra CD complex (1:2) 


4.45 

(equivalent to 0.89 mg of 
compound) 


54^23 

(equivalent to 10.84 mg of 
compound) 



U .s evident from above table that the ED,o of beta CD complex is about one th,rd than the 
compound L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylam.de by 

subcutaneous route and was one half by oral route. The LD,oof the compound L-Tyrosyl-D- 
alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide is 1000 mgACg /.p..and that of 

the complex is > 10,000 mg/kg P. 0. in mice. 
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EXAMPLE 8 

Anli-inflammatory action 

Anii-innammatory action was measured //; vivo by the inhibition of oedema caused by 
carrageenin. Rais were given 250/500 mg/kg of the test substance 1 hour before the injection 
ofO. 1 ml 1% carrageenin suspension. The inhibition of the formed oedema was measured 3 
hours after injecting carrageenin. [Table 3]. 

TABLE 3 



Measurement of anti-inflammatory action in vivo at the dosages of 500/250 mg/kg of the 
active substance applied per orally substance 





Dose (p-o.) (mg/kg) 


Anti-inflammatory 
action (210 min) 


L-Tyrosyl-D-alanyl-glycyl-N- 
methylphenylalanyl-glycyUsopropyl 
amide; beta CD complex (1:2) 


250 


4.0 


L-Tyrosyl-D-alanyl-glycyl-N- 
methylphenylalanyl-glycyUsopropyl 
amideibeta CD complex (1:2) 


500 


18.4. 


L-Tyrosyl-D-alanyl-glycyl-N- 

methylphenylalanyl-glycyl-isopropyl 

amide 


50 


19.6 



The measurement in vivo of the anti-inflammatory action showed thai the inclusion 
complex of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide with 

beta cyclodextrin exhibited anti-inflammatory action. 



EXAMPLE 9 

EfTect on gastric mucous membrane 

Effect of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl-isopropylamide 

and inclusion complex of L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyU 
isopropylamide with beta cyclodextrin on gastric mucous membrane was measured in rats. 
Rats were fasted overnight and were given 100 mg/kg of the active substance orally. After 4 
hours its effect on irritation of gastric mucous membrane and gastric ulceration, gastric juice 
volume and extent of free and total acid was determined. [Table 4]. 
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isoproj 
100 



s„„,„jn^ml<l=:beta.cydode«rin (1:1)0" gas.ri= . 

= ""^^ ~ "Total acid J 



lJlceration_ 



r.astric Juice volume 



-2.1 



Free acid 



+ 9.0 



+ lO.O 



100 

The above data show that L-Tyrosyl-D-alanyl-glycyl-N-methylphenylalanyl-glycyl- 
.sopropylamide bound into an inclusion complex wUh .beta -cyc.odextrin did not exhib. an 
irritai.ng effect on gastric niucous membrane of the animals. 

EXAMPLE 10 

Preparation ofublets v.«h 125 mg of active ».b«an« [incton «>mpl« ('2)1 
Tyrosyl-D.alanyl-8lycyl-N-m«Mpl«nyWanyl-glyoyWsop.op,l.mide»a^ 

cyclodextrin 

Tablets of the following composition were prepared: 



Active constituent^ 

-h^j^odextrin compl«LiL2] ■ 


Weipht 
125 rag 

70 mg 


1 ariose . 

jnethyUellulosg ^ . ■ • 

jT^gnp.qium stearate ^ 


5 rap 

2 mg 



Pr».r=,ti.. of Ub...,: TV a«ive sub«at,« homogeneously wiU. add,.,v«. The 

w., sieved through a .eve and pressed into tablets on . rotating tablettng tnach-ne. 
!lresu.ting.ahletpropedyp.cl.edin»pol,..«...incdb.ister.,pepaca„g.o.vo,d 

coming into contaa with moisture before use. 

EXAMPLE 11 

Preparation of tr-sderm.. ..P« of active s„bst.a« (inclusion couple. (W)) .' 
Tyrlyl-D.al.ny.-glycyl-N.ne.hy.pben,UUn„-s.,cy^is.propy..™dc 

cyclodextrin 

r" D !l'any ^J^^^^ne^^^iS^y^-^^o^y^^^ oyclode^tnn 
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prepared m earlier step was transferred to i. by eontinuous sierring andjunhsj.«tn^fo 1 5 
The hydrogel so formed was uniformly poured intoj^gji:^ allowed lo dry 

TTiTwas covered with the plastic film 



iiiinuics 

riie next day a yellow coloured paichwasolj 

teThT^^tches so obtained were properly packed in a polythene 



and cut into thej 



j^ wamtftT type pack i ng - fo =gi>gta=go™%-^ 
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